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Introduction
Paroxysmal nocturnal hemoglobinuria (PNH) is a rare, acquired, stem cell disorder characterized by hemolytic anemia, bone marrow failure, and venous thromboembolism. Manifestations of the disease are primarily related to complement-mediated intravascular hemolysis due to the lack of glycosylphosphatidylinositol-anchored complement regulatory proteins (GPI-AP) CD55 and CD59 on erythrocyte cells. Patients with PNH may present with a wide range of clinical manifestations such as weakness, pallor, and asthenia due to hemolysis, but also abdominal pain, dysphagia, or pulmonary hypertension. 1 Patients are at risk for thromboses, major life-threatening risks of PNH, 2 which often occur at unusual sites. A frequent association between PNH and aplastic anemia (AA) has been described, with 2 potential patterns of evolution: progressive marrow failure in PNH patients or AA in which a PNH clone is detected. 3 Pregnancy in women with PNH is associated with an increased risk of complications for both mother and fetus, leading to high maternal and fetal mortality rates. Worsening cytopenias may complicate the management of pregnancy but the main concern is the occurrence of thrombosis, which is responsible for the high mortality rates in pregnant PNH patients. Although there is little information about PNH and pregnancy in the literature, a recent review identified 23 clinical reports published between 1965 and 2005 describing pregnancy outcomes in 43 women with PNH. 4 Maternal and fetal mortality rates were 11.6% and 7.2%, respectively. Venous thrombotic events (VTEs) were the major cause of maternal death.
Here, we retrospectively reviewed 27 cases of pregnancy in 22 French women with PNH between 1978 and 2008. We analyzed maternal and fetal complications during pregnancy, delivery, and the postpartum period.
Design and Methods

Study design
We designed a questionnaire to solicit data on pregnancies in women with PNH (Online Supplementary Figure S1 ). The questionnaire was sent to all members of the French Society of Hematology (SFH) in January 2008. Among the 10 responding centers, 22 patients who had 27 pregnancies were monitored from diagnosis to last follow up.
The study protocol was approved by the review board of the SFH and the study was carried out in accordance with the Declaration of Helsinki.
Data collection and definition
The following parameters were collected and analyzed for each patient and pregnancy.
PNH diagnosis
A diagnosis of PNH was defined as an unequivocally positive Ham test before 1996 or by flow cytometry demonstrating the presence of more than 5% GPI-AP deficient polymorphonuclear cells after this time point. Dates of diagnosis and circumstances leading to diagnosis (presence of cytopenias, hemolysis, or thrombosis) were recorded. Cytopenias were defined by 2 or 3 of the following criteria: anemia, defined as hemoglobin (Hb) levels less than 12g/dL; thrombocytopenia, defined as platelet counts less than 150×10 9 /L; and neutropenia, defined as neutrophil counts less than 1.5×10 9 /L. Pancytopenia was considered when the 3 hematopoietic lineages were altered. Delay between PNH diagnosis and pregnancy was also recorded, as well as specific PNH treatment during pregnancy. In cases of a PNH clone complicating a pre-existing AA, time of PNH diagnosis was considered as the time of initial identification of the GPI-AP deficient clone. None of these women had been previously treated with eculizumab.
Obstetric data
Obstetric data included the number of pregnancies, miscarriages, and deliveries, as well as the term and mode of delivery. Preterm was defined as delivery prior to 37 amenorrhea weeks (AW). Newborn status and birth weight were also recorded. Postpartum is usually regarded as the period immediately following delivery until resumption of menses and cessation of breastfeeding. Its length is variable. As we cannot retrospectively obtain this information for our patients, we considered the postpartum period to be the six months following delivery, as usually accepted by obstetricians.
Maternal and fetal complications
Maternal and fetal complications during pregnancy (early miscarriages and therapeutic abortions excluded), at delivery, and postpartum were recorded. To be consistent with previous reviews of the scientific literature, maternal complications during pregnancy and postpartum were classified as major complications when hospitalization or intensive care was required, and as minor complications when no hospitalization was necessary. The use of prophylactic or curative antithrombotic therapy during pregnancy and postpartum, and the occurrence of VTEs, were carefully recorded. Maternal and fetal outcomes were documented at the last follow-up visit.
Results
Patients' characteristics
We identified 27 pregnancies in 22 women with PNH, followed up by 10 French centers, between 1978 and 2008. Five patients experienced 2 pregnancies each. Patients' characteristics are summarized in Table 1 . Patient median age was 21.5 years (range 13-41 years) at PNH diagnosis and 27 years (range 21-38 years) at pregnancy. At diagnosis, PNH was associated with cytopenias in 15 cases, hemolysis in 5 cases, and both cytopenias and hemolysis in one case. In the vast majority (20 of 27 cases; 74%), pregnancy occurred in patients with a known PNH diagnosis. Median time from PNH diagnosis to pregnancy was 70.4 months (range 1-192 months). In 4 cases (18%), PNH diagnosis was made during pregnancy: 2 cases had cytopenia, and 2 others had hemolytic anemia. We recorded 3 pregnancies for which a PNH diagnosis was made between one month and nine years after delivery, but with substantial a posteriori evidence of PNH disease during pregnancy. One patient with chronic anemia associated with hemolysis had 2 pregnancies (cases n.10.1 and n.10.2): diagnosis of PNH was accurately made six years after the second pregnancy, but chronic regenerative anemia was reminiscent of undiagnosed PNH during pregnancy. In the other case (n.4.1), PNH diagnosis was made one month postpartum after the first pregnancy in a patient with cerebral sinus VTE associated with hemolysis. The patient had a second pregnancy five years later.
Maternal complications during pregnancy and postpartum (excluding thrombotic events)
During pregnancy and delivery
Among the 27 pregnancies, 2 resulted in abortions, and 23 of the remaining 25 pregnancies were evaluable for maternal complications (Table 2 ). Patient n.19 was receiving PNH treatment (eculizumab) when a gemellary pregnancy was discovered. Because of severe AA and fetal abnormalities, she underwent a therapeutic abortion at 14 AW and was scheduled for allogenic stem cell transplantation. Patient n.17 had previously experienced 2 normal pregnancies, and PNH diagnosis was made during the third pregnancy, which also resulted in a therapeutic abortion at six AW. Eculizumab therapy was initiated after the abortion had been performed. In these 2 cases, therapeutic abortion was decided in agreement with the parents after medical information about the risks associated with pregnancy in the context of PNH was provided. These 2 cases of early-term abortion were thus not assessable for complication analysis during pregnancy.
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haematologica | 2011; 96(9) Minor maternal complications occurred in all but one of the 23 evaluable pregnancies (95%), mainly consisting of cytopenias. Anemia (Hb < 12 g/dL) was documented in 17 of 23 cases (74%), 9 of whom required red blood cell transfusions. Thrombocytopenia (platelet counts < 150×10 9 /L) occurred in 16 of 20 patients (80%), 9 of whom received platelet transfusion. Isolated neutropenia was observed in one patient (n.8) at 22 AW. In 7 cases patients received cyclosporine treatment for cytopenias during pregnancy. Cyclosporine was initiated during pregnancy in 2 of those 7 cases, whereas the other 5 patients were already being treated at the time of pregnancy. Arterial hypertension was noted in 5 pregnancies, and diabetes in 2 pregnancies.
Major maternal complications were recorded in 2 of 25 pregnancies (8%). In both cases, maternal complications were related to the onset of severe AA during pregnancy. In case n.1, AA was diagnosed at five months of gestation resulting in a diagnosis of PNH, whereas in case n.16, the patient presented with a relapse of a previously treated AA at six months of gestation.
At delivery, maternal complications were recorded in 3 of 25 evaluable cases (12%): hemolysis, elevated liver enzymes, and low platelet count (HELLP) syndrome that required platelet transfusion (n=1); anemia that required red blood cell transfusion (n=1); and hemorrhagic delivery of mild intensity (n=1).
Postpartum
During postpartum, minor complications were documented in 3 of 25 evaluable cases (12%): thrombocytopenia (n=2) and ear-nose-throat infections (n=1). Major maternal complications other than thrombosis included one case of hemorrhagic delivery requiring arterial embolization at five days postpartum, one uterine hematoma, and one episode of febrile neutropenia (absolute neutrophil count < 500 cells/mm 3 ). Postpartum appears to be a more crucial period regarding thrombotic risk, with 4 cases of VTE, which are detailed below. Overall, major complications during postpartum occurred at a rate of 28%.
Aspirin, anticoagulation, and thrombosis
During pregnancy
Pregnancy occurred in 3 patients who had a previous history of VTE during PNH. Patient n.4, who developed cerebral sinus VTE at one month postpartum of her first pregnancy, received low molecular weight heparin (LMWH) at therapeutic dosage during her second pregnancy five years later. Patient n.21, who previously experienced superficial VTE, received aspirin prophylaxis during her 2 pregnancies, whereas aspirin was not continued postpartum. In the remaining 22 cases, pregnancy occurred in patients with no thrombotic history. In 13 of these 22 pregnancies (59%), the patient was administered prophylactic anticoagulation therapy, consisting of LMWH in 7 of 13 cases (54%) and danaparoid in 6 of 13 cases (46%), preceded by aspirin in 2 cases. Overall, antithrombotic therapy was delivered in 64% of cases. Treatment was initiated during the first trimester in 6 cases (40%), during the second trimester in 2 additional cases (13%), and during the third trimester in the 7 remaining cases (47%).
No maternal thrombotic events were recorded during pregnancy, even in patients who did not receive prophylactic anticoagulation.
Postpartum
Antithrombotic therapy was maintained during the postpartum period in 14 of 16 cases (Table 2 ). In 2 cases (n.3 and n.8), the patients did not receive anticoagulation therapy during pregnancy, but prophylaxis was initiated postpartum and continued for three months in one case (data were not available for the other case). Patient n.21 received aspirin only during her 2 pregnancies but not during the postpartum period.
Severe thrombotic events occurred in 4 cases during the postpartum period. During her first pregnancy, patient n.4, who had not received prophylactic anticoagulation therapy, experienced cerebral sinus VTE at one month postpartum. She fully recovered after receiving curative anticoagulant therapy. During her second pregnancy five years later, thromboprophylaxis with LMWH was initiated during the first trimester and continued after delivery. However, the patient developed Budd-Chiari syndrome leading to her death at one month postpartum while she was still receiving anticoagulation therapy. During her pregnancy, patient n.12 received thromboprophylaxis with LMWH that was continued until the third month postpartum. At five months postpartum, she developed hepatic and splenic VTE, and recovered after receiving anticoagulation therapy. Eculizumab treatment was initiated. Patient n.22 developed a fatal cerebral sinus VTE at one month postpartum while she was receiving LMWH.
We recorded 2 additional cases of severe VTE (mesenteric VTE in patient n.16, and cerebral infarction in patient n.9.2) occurring after the classical six months postpartum (seven and nine months after delivery, respectively).
The maternal mortality rate was 8% for the entire series, all deaths being related to postpartum thrombotic complications.
Fetal outcome
Among the 25 evaluable pregnancies, abnormal fetal development was observed in 3 cases. One case (patient n.18) of acute fetal distress at 37 AW led to therapeutically induced vaginal delivery of a healthy newborn (Table 3) . One woman with PNH (patient n.21) experienced two pregnancies which were both associated with severe intrauterine growth restriction observed at 24 and 27 AW, respectively: fetal death due to severe placental ischemic lesions in case n.21.1 and birth of a very premature baby (27 AW + 6 days) presenting with acute respiratory distress in case n.21.2. This child's development was otherwise favorable. Fetal mortality for the entire series was 4%.
In 29% of documented cases, pregnancy ended in preterm delivery (ranging from 27 AW + 6 days to 36 AW). Delivery was therapeutically induced in 64% of cases, and a caesarian section was performed in 45% of cases.
Median birth weight (documented in 16 cases) was 2.9 kg (range 0.4-3.6kg). Live newborns weighed under 3 kg in 53% of cases. No child died following delivery.
Discussion
This report describes a series of 27 pregnancies in 22 women with PNH at 10 French centers between 1978 and 2008. Pregnancy in women with PNH was associated with an increased risk of maternal and fetal complications, as well as higher maternal (8%) and fetal (4%) mortality rates. Maternal mortality was related to postpartum thromboses, whereas no thrombotic events occurred during pregnancy. The majority of patients developed maternal complications, primarily in the form of cytopenias that required transfusions. Two cases of severe aplastic anemia were also recorded. Nearly two-thirds of PNH patients received antithrombotic prophylaxis during pregnancy and postpartum. Preterm delivery occurred in approximately one-third of cases, and although more than half of the babies were of low birth weight, outcomes were generally favorable.
The maternal and fetal mortality rates reported in this series compare favorably to historic rates reported in the literature. To date, fewer than 30 reports [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] have been published, comprising case reports or small series of no more than 7 patients. Fieni et al. 4 reviewed obstetric literature about pregnancy and PNH published between 1965 and 2005. They assessed 43 cumulative cases which revealed maternal and fetal mortality rates of 11.6% and 7.2%, respectively. In our series, we observed a lower rate of maternal complications. This difference may be explained by a reduced bias in our series, which reports every pregnancy regardless of outcome, whereas isolated reports in the literature generally focus on dramatic cases. This difference may also be explained by the fact that, in our series, 64% of patients had received antithrombotic prophylaxis during pregnancy or after delivery. In the literature review of Fieni et al., only 16% of patients had received antithrombotic therapy. However, in our series, only 6 out of the 22 patients had hemolysis at the time of PNH diagnosis. Therefore, thrombotic events might be higher in a group of PNH patients the majority of whom have predominant hemolytic features.
The occurrence of thrombotic events is the major cause of PNH-related mortality. [23] [24] Pregnancy occurring in women with PNH is particularly high-risk because pregnancy itself is considered a prothrombotic state. [25] [26] Among 43 pregnancies reported in the medical literature between 1965 and 2006, 8 were associated with thrombosis. Two incidents of thrombosis occurred during pregnancy 5, 19 and the remaining 6 occurred during the postpartum period, 4, 7, 19, [21] [22] 27 leading to maternal death in 3 cases. 19, 21, 27 In our series, we recorded no thrombotic events during pregnancy, possibly because most (64%) of our patients received antithrombotic prophylaxis. In our series, 95% of patients displayed at least minor complications during pregnancy, mainly cytopenias, which required transfusions in more than half of all cases. Major maternal complications during pregnancy were limited to the onset of AA in 2 cases. In 7 cases, patients received cyclosporine therapy either for a previous instance of AA or for active disease during pregnancy. The effect of pregnancy on AA outcome remains unclear, but it has been suggested that pregnancy can trigger AA in some cases with spontaneous remission after delivery. 21 In one case (patient n.1), we observed spontaneous improvement of hematologic parameters after delivery with only persistent asymptomatic hemolysis. In the other case (patient n.16), the severity of AA necessitated cord blood transplantation. Because of the potential for complications, pregnancy in PNH patients must be carefully and continuously monitored by both obstetricians and hematologists. 23 The issue of prophylactic anticoagulation in PNH patients remains a matter of debate. In pregnancy, however, prophylactic anticoagulation is recommended as soon as pregnancy is confirmed. [23] [24] In our series, the type of antithrombotic therapy used varied, consisting of either LMWH or danaparoid; 2 patients also received aspirin. During pregnancy, coumadin is contraindicated because of its teratogenic potential during the first trimester and hemorrhagic risk later in gestation. Low molecular weight heparin appears to be the most appropriate drug during pregnancy and can be briefly discontinued as the delivery date nears. As there are no studies of antiplatelet agents such as aspirin and clopidogrel in PNH, these drugs are not recommended. In this series, there were no thrombotic events observed during pregnancy, even in patients who did not receive prophylactic anticoagulation, raising doubts as to the benefits of anticoagulation treatments during this time period.
The situation is dramatically different during the postpartum period. Four cases of severe thromboses, 2 of which were fatal, were reported during the postpartum period, resulting in a maternal mortality rate of 8%. Postpartum anticoagulation is thus strongly recommended. The main concern is the appropriate date after delivery to terminate this treatment. Continuation of anticoagulation treatment is usually recommended until six weeks postpartum. 23 We observed one mesenteric thrombosis at five months postpartum and 2 later VTE complications at seven and nine months after delivery, which questions the wisdom of continuing antithrombotic therapy. However, these 2 latter cases of late thrombosis may be associated with PNH-related thrombotic risk rather than pregnancy itself. Thromboses occurred in patients who received anticoagulation as well as in patients who did not, confirming that prophylactic antithrombotic therapy is not always sufficient to prevent thromboembolism in PNH patients. 24 In comparison with previous reports, 4, 28 we recorded a high incidence of premature delivery and caesarian section. A planned and therapeutically induced delivery was preferred in the vast majority of cases to improve management of the patient during this particularly risky period. Another possible explanation for the high rate of caesarian deliveries is the PNH-related smooth muscle dystonia that may compromise the progress of labor in PNH patients. Fetal mortality was 4%, which is lower than the 7.2% reported by Fieni et al. 4 In our study, newborn birth weight was generally low, though overall outcome was favorable for these children.
Limitations of our study include its retrospective design and possible areas of study which were not taken into consideration. Nevertheless, this is the largest series assessing the outcome of PNH pregnancies over one entire national network, reported on the basis of coexisting PNH and pregnancy, regardless of the outcome for both mother and fetus.
In conclusion, we describe the largest series of pregnancies occurring in PNH women in France over a 30-year time period. We confirm that pregnancy in these patients is associated with a higher risk for both maternal and fetal complications, with maternal and fetal mortality rates of 8% and 4%, respectively. Thromboses mainly occurred during the postpartum period, being by far the major cause of maternal death. Prophylactic anticoagulation should be initiated by the 6 th month of gestation, and continued during the postpartum period. Currently, there is no consensus regarding the optimal duration of prophylactic anticoagulation treatment following delivery, but late complications may occur. Moreover, we also confirmed that anticoagulation treatment is not sufficient to prevent thrombotic complications. Several recent reports suggest that eculizumab, a humanized monoclonal antibody that binds to the terminal complement protein C5 has the potential to prevent PNH-associated complications in pregnant women receiving anticoagulation therapy and is well tolerated. [29] [30] [31] However, further, larger studies are required in this setting to confirm these findings. 
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